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In which Rl and R2 each independently represeht a hy- 
drogen atom, a hydroxyl group, a phenyl group, a sub- 
stituted phenyl group, a biphenyl group, a substituted 
biphenyl group, a thienyl group, a substituted thienyl 
group, a naphthyl group, a substituted naphthyl group, 
pyrrolyl group, a substituted pyrrolyl group, a furyl group, 




a sub^ituted'ftiryl groufij ^n alKyl gi'ouij, ^n-'alko:Kyli or ' 

• an alkibXyl grbbpi'RS'arid R* each Indep'efidentiy 'fepfe- ' 
•serita tiydrbgeVi atom; an alky! grbUp; an 'aikokylgfciup, 

a cyano group, a pheriyl group, a 'sLibslituted phenyl 

• grdup,''a' biphenyl group, a substituted biphenyl group, 

■ a thienyi group, a' substituted' t^ pyrrolyl 
grdiip- a substituted pyrrolyl groupi-a furyl group; a s'ub- 

■ stituted furyl group, a hajshthyl grbbp' or a 
naphthyl group; ■ 'represents ■ a hydrogen ^atofn,'' an 
alkyrgroup, an alk'oxyl group, 4n acetyl group'; a cyano 
group, a phenyl group, a substituted phenyl group, a bi- 
phenyl group,- a 'sdbstituted 'biphehyrigrdupi' a thienyl ' 

■ ^rbup, a sabstituted thienyl gribupr a pyi-fblyl group,' a 
substituted pyrrolyl g'rbup," a naphthyl' grou a Sub- ' ■ 
■:istituted'naphthyl group; and h' is a pbsitive iiriteger bf riot 

' lesis than -threb.' The pblyriiei-s' have excellent therrrial ■ 
resistance, permit easy control of the electrbch'emical 
oxidation-reduction potential thereof, have a very nar- 
row band gap of themselves, and have strong fluores- 
cence characteristics. 
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Description 

baci<:gr8ui^d ' 

[0001] The present invention relates to poly(5-anninoquinoxalinesj, and to preparation and application of the same. 
Preferred properties of embodiments iriclude excellent thermal resistance, easy control of electrochemical oxidation- 
reduction potefitial, a very harrow band gap and strorig fluorescence charade , , ^ 
[0002] These polymers have an electron-donating group and an electron-accepting group In one molecule thereof, 
whereby they have p-type and n-type semiconductor characteristics. These compounds can easily be formed jnto, a 
thin film by the spin coating method, and can be applied as an active substance or an electrbdie material for a battery, 
an organic electroluminescence device material, an electroluminescence device material, a semiconductor, a semi- 
conductor device, and a nonlinear-type optical material. 

[0003] In recent years, aromatic compounds with a it conjugated system spread in two dimensions and heterocyclic 
compounds haviii'g a hetefd-atdrri'hav^^^^^ a variety of electronic devices thi-ougti;^ W thifeirjight ' 

emission characteristics and eiectroh and positive hble transport characteristics: For example, organic electrolumines- 
cence devices 'are generally classified into utilizing the n conjugated system and low molecular 
weight devices with various functions' separately possessed tfy layers which are lamihated. Particularly, in the case of 
the low motectila^r-weighrmiat^^^^^ for their carrier mobility and fluorescent chai'ac- 
teristics, and it has be^'hrfequirea Mreely cha^^^^ gap in developing deriyatiyes thereof. I n addition, for these 
materials, film characteristics thereof are important, and they have been demahdedl p^rticiilarl:^ to 'fo'rm a stable a'mor- 
phous filrfi if>^i0i^iX(f&^)'l'^i^^-ipn!'y. -m^l-P^. <2fe(1986), L773r^ppi?-F#s^ Lett. -5^(1 687), 'r 913; USP 

No. 4,356,429). :^[J B ; >^ 

[0004] In the battery field there is a derri^hd tercdiiitrol of the •oxidation' &'hd-reductiori''poitehiy 'fempbund ' 

(for example, Denki Kagaku Oyobi Kogyd'ButSufi Ka'gaku (Elebtrochmistry and Industrial PHysicareh'emikfry);'V6T: 54, 
p. 306 (1986)), As to the ele6tr6^ae"'acti#syb'stariceused in the battery, in relation to the electrolyte, it is necessary to 
set the oxidation-reduction potential of the substance to within the dissociation voltage of the electrolyte, andl'thel^eforej 
control of the oxidation-reduction potential has been an important problem. . . . ,i, , ' i 

[0005] As for the semiconductor characteristics, % conjugated system polymers haVe been investigated' fdr'thi'pur- 
pose of achieving a-narrower band gap, but, generally, the n conjugated system polymers are insoluble in solvents 
and are difficult to deal with, and it has been difficult toxoritrol the structure of the polymers.;. |n -addition';\as-.ahother " 
method of narrowing the band gap, there Is a method of spreading the jc conjugated system in two dimensions (Synthetic 
Metals, 6.9(^1§95),,pRrJ5,9976p0;,J. /^m. Ch.ern.;Sqc,,;17?(25)i 1995, pp,£791^792),.,butth^3^.Hia^^^^^^ 
and.|nftjsibIe..aQd,ar-e;ih^^^ Bes,id.es,-general % conjugates'system polymers can display behgyiors ,, 

as ariiinipuri6r;sem.icpnb.MCtpr.;Upon b.ei.ng doped.with an impurity, but it has been difficult to stably form p-type and n- 
type^'semicsnductpre^frpmpnasu c-i: . 

[OOQ^j i fir^. fiC^pnypyj^inflQn ;tiatJ)P§n Si^V^^.-*^^ on the results of earnest studies In search of a compound 
haying : a ',npyelrno!ecu!ar :strue^^^^ above circumstances. Accordingly, it is an object of the 

present ipvenjion to provide new and useful;po|y(5raminoquinoxalines). Particular embodiments may have.any one or 
more.pf the following properties, namely,that they have excellent thermal resistance, are soluble in water or an organic 
solvent, permit cpntrotof degree pf depolarization and electrochemical oxidation-reduction potential thereof, show a 
clear color change due to chemical or electrocheijiical oxidation or reduction, and are theniselyes electrically conduc- 
tive....! ,;. ,r. r'j ,1^... ■, 'i '' ' ' '' ' 
[0007]-,:, Further aspects pf the present invention utilize such novel poly(5-aminoquinPxalines) as an prgarilc electro- 
luminescence deyicei an electrpchrpmic deyicej an actiye substance or an electrcde fpr a battery, a semiconductor, 
an n-type sernjcpriductpr, a so|ar-ceil electrode, a npn-liriiear device, etc., preferably forming the novel pDiy(5-amino- 
quinpxal.ines)linto a fiirnip.r.the like through the spin co^tjng method or the like. 

[00Q8] .-. In accordance with one aspect of the present invention, there is provide^, a pQ!y(5Tamin9quinpxajine) hayjrig 
the general formula (1): , v , ,- 
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in vyhichiRi:and R? each independently; represent a hydrogen atom,ia:hydroxyl group, a jDhenyl'grdup,' a substituted - 
phenyl igro'up, a biphenyl group, a'substituted bipheriyl group, a thienyl'gfotip', a substituted thienyl grbup, -a'riaphthyl 
group, a substituted naphthyl group, a pyrroiyi group; a substituted pyrrolyl groupiWryl grb a isubstituted furyl group, 
an alky! 'group'. or an alkoxyl group; and 'R'^ each' iridependehtly represent a 'iiydrogefl gfo'up,! ari^ 

alkoxyl group, a cyano group, a phenyl group, a substituted phenyl group, a biphenyl group, a substituted biphenyl 
group, a thienyl group, a substituted thienyl group, a pyrroiyi group, a substituted pyrroiyi group, a furyl group, a sub- 
stituted furyl group, a naphthyl group, or a substituted naphthyl group; R^ represents a hydrogen atom, an alkyi group, 
an alkoxyl group, an acetyl group, a thienyl group, a sabstitufed thienyl group, a 'pyrrolyl group, a substituted pyrroiyi 
group, a naphthyl group, or a substituted naphthyl group; and n reprosents':^ positive Integer of not less than three. R"" 
and R2 may be the same. Preferred FRVR^ groups are disclosed below; notb that the RVR^ combinations may or may 
not be the same on ail repeat units of the polymer although often they are; the sarirfe applies to other R group choices, 
so that a given polymer may embody more than one of the options giv^n below. 

[0009] In the general formula (1) above, Ri and R2 may Independently be groups having the general formula (2): 




in which R^ to R'''' eacti Independently represent a hydrogen atom, a halogen atom, a cyano group, an amino group, 
a cyanoalkyl group having one to four carbon atoms, a haloalkyi group having one to four carbon atoms, an alkyI group 
having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro group, a phenyl group, a 
substituted phenyl group, a biphenyl group, a substituted biphenyl group, a naphthyl group, a substituted naphthyl 
group, a thienyl group, a substituted thienyl group, an epoxy group, or aVinyl group. 

I001D] In the general formula (1) above, Ri and R2 may independently be groups having the general formula (3): 




in which either one of R''^ to R19 is coupfed to the quinoxaline ring; and the others of Ri2 to R19 each independently 
represent a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyI group having one to ten carbon 
atoms, an alkoxyl group having one to ten carbon atoms, a nitro group, a phenyl group, a substituted phenyl group, a 
biphenyl group, a substituted biphenyl group, a naphthyl group, a substituted naphthyl group, a thienyl group, a sub- 
stituted thienyl group, an epoxy group, or a vinyl group. 
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[0011] In the general formula (1) above, and R2 may independently be groups having the general formula (4): 




in which either one of R^o to R23 is coupled to the quinoxaline ring; the others of R^o to R^^ each independently represent 
a hydrogen atom, a halogen atom, a cyano group, an amino group, an alky! group having one to ten carbon atoms, an 
alkpxyl.group having one to ten, carbon atoms, arnitro group,;a:phenyl group.'a-substituted phenyhgroupiia biphenyl : 
grpupv;a.substltutejd b!P.h^nyl.:group,,i,a. naphthyl!group,;a sgb?tituted;nsphthyl,grpup^a.thien^^^^ a substituted 
is thienyligroup^ariieRpxyjgrpup, pr a^^^ A represen.ts,NH, Q, pfiS. , , .. , - • 

[0pi|2]q Jn.the gerieralfprmuja (1^ may.independently begroupshaving thegeneral formula (5): 



20 



25 




in which R2'^ represents a halogen atom or a cyano group; and R^^ ^ r28 each independently represent a halogen 
atom, a cyano group, an amino group, an aikyi group having one to ten parbon atoms, an alkoxyl group having one to 
ten carbon atoms, a nitro group, a phenyl group, a substituted phenyl group, a naphthyl group, a substituted naphthyl 
30 group, a thienyl group, a substituted thienyl group, an epoxy grbgp, or a^vinyl group. 

[0013] in the general formula (1) above, may be a group havlng'the general formula (6): 



35 



40 




In which R29 to r33 each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino group, 
4S an alkyi group having one to ten carbon atoms, an alkoxyl group haying one to ten carbon atoms, a nitro group, a 
phenyl group, a substituted phenyl group, a naphthyl group, a substitutedlnaphthyl group, a thienyl group, a substituted 
thienyl group, an epoxy group, or a vinyl group. ' ^ i... ■ 
[0014] In the general formula (1) abpye, RS may be a group having the general formula (7): 



55 




4 
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in which R34 to R36 each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino group, 
an all<yl group having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro group, a 
phenyl group, a substituted phenyl group, a naphthyl group, a substituted-naphthyl group, a thienyl group, a substituted 
thienyl group, an epoxy group, or a vinyl group; and Z represents NH, O, or S. 
5 [0015] In the general formula (1) above, RS may be a group having the general formula (8): 




in which R^^ to R39 each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino group, 
an alkyi group having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro group, a 
20 phenyl group, a substituted phenyl group, a naphthyl group, a substituted naphthyl group, a thienyl group, a substituted 
thienyl group, an epoxy group, or a vinyl group; and Q represents NH, O, or S. 
[0016] 'Mn the geriefal'fomniula (l) above, RS may be a group having fhe'genferal formula (9): 



25 



30 




in which R*o to R^e each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino group, 
35 an alkyI group having one to ten carbon atoms, an alkoxyl group haying one. to ten carbon atoms, a nitrp group, a 
phenyl group, a substituted phenyl group, a naphthyl group, a substituted naphthyl group, a thienyl group, a substituted 
thienyl group, an epoxy group, or a vinyl group. 

[0017] In accordance with another aspect of the present invention, there are provided applications of the poly(5-ami- 
noquinoxaline) represented by the general formula (1) above, the applications of the poly(5-aminoquinoxaline) of the 
-40 general formula (1 ) reside in: a film fomied by spin coating or casting of a poly(5-aminoquinoxaIine) of the formula (1 ); 
a film formed by compression molding of a poly(5-aminoquinoxaline) of the formula (1); an electrochromio device 
including a poly(5-aminoquinoxaline) of the formula (1); an active substance or an electrode for a battery, including a 
poly(^-amino4uinoxaiirte) of the MmU^ 
a (^1yp¥se1nicbndudbrpro^ 

45 chemical doping; an nVpe' sfemidonxiuctor produced by reducing' ia' 'p6ly(5-amihoquinoxa|ine) of •the fori^iula -(I ) 'by a ' 
reducihg agent'br'&iectracheniiy do 

froluminescence device including a'-pbly(5-amihoquiMalirie) of the forrtiijla (1); 'a'hd a noh-lihear organic material 
including a poly(5-aminoquinoxaline) of the formula (1). 

[0018] The novel poly(5-aminoquinoxalines) according to the present invention have good thermal resistance and 
50 we find are soluble in water or organic solvents. Therefore, the polymers find a wide range of utilization, and can be 

dryformed into fibers, films and the like by utilizing solutions obtained by dissolving the polymers in appropriate solvents. 

In addition, due to the structure thereof, we have found for polymers disclosed herein some excellent properties that 

are not possessed by the conventional polyarylenes; for example, embodiments 'of the invention permitted control of 

the degree of depolarization and the electrochemical oxidation-reduction potential thereof. Besides, according to a 
55 method of the present invention which will be described later, it is possible to'obtain a polymer in which electric charges 

are localized along the ti; conjugated system. In addition, the polymers disclosed herein have been found themselves 

to be electrically conductive. 

[0019] The above and other objects, features and advantages of the present invention will become apparent from 



5 
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the following description of the embodiments. and appended daims of the invention. 

DESGRIPT.10N OETHE. PREFERRED EMBODIMENTS . 

[0020] The poly(5-aminoquinoxalines) according to the present invention are the polymers represented by the gen- 
eral formula (1): 



R^ 




[0021] In the above formula, Ri and R?..eaphjn.depe!ridentiy represent hydrogen atom, a hydrpjcyj group, a,phenyl-,. 
group, a substituted phenyl group, a biphenyi group, a substituted biphenyl group, a thienyl group, a substituted thienyl 
group, a naphthyl group, a substituted naphthyl group, a pyrrolyl group, a substituted pyrrolyl group, a furyl group, a 
25 substituted furyl group, an alkyi group, or an alkoxyi group. In this case, the substltuent group is preferably an alkyi 
group or an alkoxyi group. The alkyi group or alkoxyi group is preferably one having one to ten carbon atoms, particularly 
one having one to five carbon atoms (the same applies,ilereinafter). ,.■ N 

[0022] Ri and r2 are preferably hyd^oxyl groups, non-substituted oV'substituted phenyl groups, thienyl groups, naph- 
thyl groups, pyrrolyl groups, or biphenyi groups, and the preferable examples thereof includes the groups represented 
30 by the formulas (2) to (5): ' ; ' " :■■ 



40 




in which RT \oR}l each independently,represent a hydrogeaatom, a halogen atorn, a cyano group, an amino group, 
a cyanoalkyl group haying one to four, carbon atoms, a haloalkyi group having orie to four.carbon atoms, an alkyi grqup 
45 haying ;0ne to ten carbon atonis,. an ^Iko^^yl group, having, one tojten carbon atoms', a nitro group, a , phenyl group, a 
substituted .phenyl, group, a; biphenyi groups. a substituted biphenyi group, a naphthyl group, a substituted naphthyl 
group,.a thienyj. group., a substituted thiepylgrpup^ . . 
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in which either one of R''^ to R^s is coupied to the quinoxaline ring, and the others of R12 to Ri9'each independently 
represent a hydrogen atom, a halogen atom, a cyano group, an amino group, an alky! group having one to ten carbon 
atoms, an. all^oxyl group having one to ten carbon atoms, a nitro group, a phenyl group, a substituted phenyl group, a - 
biphenyl group, a substituted biphenyl group, a naphthyl group, a substituted naphthyl group, a thiehyl group, a sub- 
6 stituted thienyl group, an epoxy group, or a vinyl group; 




in which either one of R^o to R23 is coupled to the quinoxaline ring; the others of R^o to R23 each independently represent 
a hydrogen atom, a halogen atom, a cyano group, an amino gn3up, 'an alkyi group having one to ten carbon atoms, an 
alkoxyl group having one to ten carbon atoms, a nitro group, a phenyl group, a substituted phenyl group, a biphenyl 
group, a substituted biphenyl group, a naphthyl group, a substituted naphthyl group, a thienyl group, a substituted 
20 thienyigroup, an epoxy group, or a Vinyl grt^^^ 



25 




in which R24 represents a halogen atom or a cyano group; and R25 to R28 each independently represent a halogen 
atoin;'^'ciari6'gf6Qf);Wi^^ having oiie to 

35 teri'carlMh'at6m's,-a^hitrb'"groob 

groiip'.-a thiieiiyl group; a' substituted thlenyl group,' an epoxy group, or a vinyl group. - 

[0023] In the general formula (1) above; in consid'eVatidh'oftHe solubility of the substitueht'grbopis Ri and R?, the 
substituent groups R1 and R2 are each desirably a substituted hydroxyl, phenyl, thienyl, naphthyl. pyrrolyl or biphenyl 
group. In this case, the substituent groups on and R2 are each preferably an alkyI or alkoxyl group having one to 

40 ten carbon atoms, and more preferably an alkyI or alkoxyl group having one to five carbon atoms. 

[0024] In consideration of amorphousness of a spin-coated filin or the like, t-butyi group or t-butoxy group is most 
suitable. Where R1 and R2 are substituted aryl, thienyl or pyrrolyl groups and the substituent groups thereon are each 
an alkyI group, the compound can further be bromided by use of N^bromosupcinimide, and the bromided compound 
can further be converted into a cyano cbhipound by reaction with NaCN. 

45 [0025] In the general formula (1) above, R3 and R" each independently represent a hydrogen atom, an alkyI group, 
an alkoxyl group, a cyano group, a hydroxyl group, a phenyl group, a substituted phenyl group, a biphenyl group, a 
substituted biphenyl group, a thienyl group, a substituted thienyl group, a pyrrblyl group, a substituted pyrrolyl group, 
a furyl group, a substituted furyl group, a naphthyl group, or a substituted naphthyl group. Among them, a hydrogen 
atom, an alkyI group and an alkoxyl group are preferred. 

50 [0026] The alkyI and alkoxyl groups used as R3 and R^ desirably have one to ten carbon atoms, and more desirably 
one to five carbOn atoms: 'PuKher, for'eiiViancin^ sefnicbriauctor characteristics; R3 ahd'R'* are each desirably a phenyl, 
thienyl or naphthyl groupbr a substituted phenyl, thiehyl or naphthyl group. In the case of the substituted groups,'the 
substituent groups are eafch jDrefisr-ably ah alkyI or alkoxyl group having one to ten carbon atoms, and more preferably 
an alkyl or alkoxyl group having one to five carbon atblTis. ' '' ' ■ 

55 [0027] R5 in the general formula (1 ) above represents a hydrogen atom, an alkyl group, an alkoxyl group, an acetyl 
group, a phenyl group, a substituted phenyl group, a biphenyl group, a substituted biphenyl group, a naphthyl group, 
a substituted naphthyl group, a thienyl group, a substituted thienyl group, a pyn-olyl group or a substituted pyrrolyl 
group. Among them, a hydrogen atom, an alkyl group and an alkoxy group are preferred. For stably obtaining an 



7 



ER 1 361 244 A1 



amorphous film of the polyrner, is preferably at least an alkyi or alkoxyl group having one to ten carbon atoms, and 
more preferably an aikyi or alkoxyl group having two to five carbon atoms. ,. , . 

[0028] , In addition, fpr enha preferably a phenyl, naphthyl.orthienyLgroup;.; 

in this case, for stably maintaining the amorphousness of the film of the-polymer, is preferably^a substituted phenyl, - 
naphthyl or thienyl group. In the case of the substituted group, the substitijent group is preferablysanajkyl or alkoxyl ^ 
group having one to ten carbon atoms, and more preferably an alkyI or aikoxyl group having one to five carbon atoms. 
[0029] Examples of include the groups represented by the following general fonnulas (6) to (9): 




in which R^s to R^s each independently represent a hydrpgen.atom.^a halogen^to groupt, an, amino grpup, - 

an alkyI group having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro group, a 
phenyl group, a substituted phenyl group, a riaphthyl group, a substituted naphthyl group, a thienyl group, a substituted 
thienyl group, an epoxy group, or a vinyl group; 




in which; R3;1,to ,R?^,qachJndepen^^ 

an allq/!. group,|hayingjpne,tp ten.ra^^^ Garbpn,.a|tpms, a.riitrq grpup,;>g. ,, 

phenyl group, a substituted piienyl grpup,,-ainaplithyl grpyp, a substituted napfithyj.grpup. a.t^ 959fJ,P; j^j^yl^jul^d , . 
thienyl group,:.aneppxy group, or ^yinyl'gipup;,arid Zreprespri^^ , . ,. , ., .( , 




in wbich R^Z tp:.R^?..e.ach.indep.endpntiy represent a hydrogen atom, a halogen atom, a cyano group, an arnino group, 
an aikyl grpuR having,,ofle tp;ten. carbprijatprns, an: alkoxyl group having one .to. .ten carbon atoms, a. nilro group, a 
phenyl group, a sutj^tituted phenyl grpMp, a naphthyl group, a substituted naphthyl group, a. thienyl group, a substituted 
thienyl group, an epoxy group, or a vinyl group: and Q represents NH, O, or S; 
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10 ■ ... 

in which R^o to each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino group, 
an alky! group having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro group, a 
phenyl group, a substituted phenyl group, a naphthyl group, a substituted naphthyl group, a thienyl group, a substituted 

15 thienyl group, an epoxy group, or a vinyl group. . ' 

[0030] Besides, in the general formula (1 ) above, n is a positive integer of not less than three, and particularly 3 to 400. 
[0031] In this case, the molecular weight of the poly(5-amlnoquinp){alines) ?iccordlng to the present invention is not 
particularly limited, but it is preferable that the weight average rnolecular weight is 1 ,000 to 1 00,000, particularly 4,000 
to 50,000. Therefore, n in the general fbnnuia (1) is preferably such a liumberastja make the poly(5-aminoquinoxaline) 

20 have a weight average molecular weight in the just-mentionedj range: .! 

[0032] In the method of preparing the poly(5-aminoquinoxallnes) accordiiig to the present invention, 5-aminoqui- 
noxaline constituting a fundamental skeleton in the formula (1) is already'known; and can be synthesized by a known 
method (J. Am. Chem. Soc. 79, pp. 2245-2248 (1957); J. Org. Chem. 31; pp. 3384-3390 (1966)). For example, by 
dissolving a 5-nitroquinoxaline having the following formula (10) in an appropriate solvent and reducing it by use of 

25 PdC and hydrogen gas. a 5-aminoqulnoxallne of the following fomiula (11) can be prepared. The 5-nitroquinoxaline of 
fhe fdrrtiula (10) ban 'be synthesized by a'known method (J. Chem. Soc.,'1953,- pp. 2822-2830). 



30 



35 




(10) ' (11) 

40 ■ ■ ■ ■ ■ ■ 

in which R1 and R2 have the same meanings as in the general formula (1) above. 

[0033] The method for obtaining the polymer represented by the general formula (1 ) above is not particularly limited, 
and there can be used chemical oxidation polymerization, electrolytic oxidation polymerization, and catalytic polymer- 

45 izafibh; For example, as a general flblym^ 

case, the oxidant is not particularly limited, and ammonium persulfate, tetraammoniurh peroxide, iron chloride or cerium 
sulfate are generally used. The polymerization is generally conducted by converting the amine derivative (11), which 
is the monomer of the polymer represented by the formula (1). into a salt by use of hydrochloric acid; then adding the 
oxidant, and carrying outthe polymerization reaction at a low temperature, preferably at or below 1 0°C when ammonium 

50 persulfate is used, and, in the case where precipitation of the monomer is not observed^ more preferably at JD?C. When 
an oxidation catalyst such as iron chloride or cerium sulfate, the reaction is generally conducted under an atmosphere 
of Nj at a reaction temperature of 'rbdrri temperature to 6G°C.'' : ..•■■::(. i-.-.M 

[0034] As a method for obtaining the polymer from a small amount of the monomer, electrolytic oxidation polymeri- 
zation is preferably used. The polymerization is generally conducted by converting the amine derivative (11), which is 

55 the monomer of the polymer represented by the formula (1), into a salt by use of hydrochloric acid, and then carrying 
out the oxidation reaction at a low temperature, preferably at or below 10°C, and, in the case where precipitation of 
the monomer is not observed, more preferably at 0°C. In the polymerization, generally. Ag/Ag* is used as a reference 
electrode, platinum is used as a counter electrode, ITO or platinum electrode is used as a working electrode, and it is 
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important to select the electrodes according to ttie acidity of the solution. Namely, in the electrolytic oxidation polym- 
erization in a solution with high acidity, preferably platinum electrodes are generally used, while, in a neutral region, 
ITO, platinum or the like electrodes can be used. ; ' ■ ■ 

For the electrolytic polymerization, there can be used the potenliostatic electrolysis in which the oxidation potential is 
measured and then polymerization is conducted poteritiostaticaliy while maintaining the potential, the sweep method 
in which the oxidation potential and the reduction potential are scanried several times, and the galvanostatic electrolysis 
in which the current is maintained at a constant value; in any case,*the. polymer ran be obtained. In the case of using 
the monomer (11 ) which is a precursor of the polymer respresented by the formula (1 ), it is preferable to use the poten- 
tiostatlc electrolysis at a voltage of 1300 mV, while using Ag/'Ag* as tFig reference electrode, platinum as the counter 
electrode and ITO as the working electrode, for measuring the oxidation potential. 
[0035] Incidentally, where and in the general formula (1): 



are each a group other tlian tj3e.hydrpge.n:gitpm, tlie groups ;an.d Rfi may be introduced into ,the forrnula (l'0).pr:the,; 
formula (11 ), or may be introduced Into the polymer after polymerization. In addition, where is a group other than 
the hydrogen atom, the group R? may be introduced into the formula (11), or may be introduced into the polymer after 
polymerization. In this case, the Introduction of these groups R^, R* and can be carried out by a known method. 
[0036] The poly(5-aminoquinoxalines)xdisclosed herein are found genei-ajly to be: soluble in water and in organic 
solvents such as dimethylformamide (DMF), Ntrriethylpyrrolidone (NMP), acetgniiqle and halogenated benzene, and 
to be easily formed into a film by the spin coating method or the casting method. In addition we find that powders of 
the poly(5-aminoquinoxalines) can easilsrbe forrned Into a4llm.,by,the compression molding method. 
[0037] Compounds disclosed herein, by utilizing the excellent properties th^reof-lire applicable to films, an electro- 
chromic device, a semiconductor, a b.^ttgiy'' a solar, cell, an organic elegrplutninesceiice device, a non-linear material, 
and an active substance or an electrode for a battery. In addition, ttie'compounds according to the present invention 
themselves are electrically conductive. Furthermore, compounds embodying the present invention can be utilized as 
a p-type or n-type semiconductor, by oxidizing or reducing the compounds through the use of an oxidant or a reducing 
agent or through electrochemical doping. Incidentally, in forming the compounds; of the present invention into films or 
other formed or molded products, the compounds may be admixed, as required, with compounding ingredients such 
as heat stabilizer, light stabilizer, filler, reinforcing agent, etc. 




[0038] . . Now- the present invention will be described more.specifically and in detail below referring to examples thereof, . . 
but the invention IS notlimited tcthe examples. ■ . ., . ....... 



Synthesis Example 1 , 
60 Synthesis of 2,3-Dihydroxy-5-aminoquinoxaline ^ j 

[0039] 2,3-Dihydroxy-5-aminoquinoxallne was synthesized by ,the following method? (1 ) to (3), . 
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(1) Synthesis of 2,3-diaminonitrobenzene 



[0040] 



O2N. 




NH2 



NazS, 
NaHCba 



O2N. 




MeOH 
H2O 



[0041] 14 g of commercial 1-amino-2,5-dinitrobenzeiie was dissolved in 225 ml of methanol, and a solution of 60 g 
of sodium sulfate and 21 g of sodium hydrogencarbonate in 240 g was added to the methanol solution by use of a 
dropping funnel while maintaining the reaction temperature at 60°C. After the addition was over, the mixture was further 
stirred at 60°C for 1 hr. After the reaction was over, the reaction mixture was cooled to room temperature, and the 
crystal precipitated was filtered out. 

Amount obtained: 7.79 g (Yield 66.5%) 

Red brown microcrystals 

Melting point- 140° C , . . .. 

m/z:(FD+)iil53(qalcd.: 153^1396) , , ^ 

■'H-NIWR(5dO lyiHit, de-bMS,p, 5 ppm): 7.72, 7.70. 7.24, &.92, 6.62, 6.61 , 6.60. 6.59;.'5.92, 3.40. 

(2) Synthesis of 2,3-ciihydr6xyr5^hitrpquinoxaline 



[0043] 4 g (26.12 mmol) of 2,3-diaminonitroben2ene and 6.59 g (52.24 mmol) of commercial oxalic acid were dis- 
solved in 50% acetic acid, and reaction was allowed at boiling point underan argonistreamforS hr. After the reaction 
was over, the reaction mixture was cooled to room temperature, and the crystal precipitated was filtered out. 

Amount obtained: 3.01 g (Yield: 55.6%) 

Yellow microcrystals 

m/z: 207 (Calcd.: 207.144) 

(3) Synthesis of 2,3-diliydroxy-5-aminoquinoxaline 



[0045] 2.00 g of 2.3-dihydroxy-5-nitroquinoxaline was dissolved in 1 :1 mixed solvent of methanol/dioxane, then the 
reaction system was sufficiently flushed with argon, and 1 .00 g of Pd/C (anhydrous) was added to the reaction mixture. 
Thereafter, the reaction system was flushed with hydrogen, and reaction was allowed at room temperature for 20 hr. 



[0042] 




[0044] 
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After the reaction was over, the reaction mixture was dispersed in a solution of 6.00 g of potassiunn carbonate in 130 
ml of water, thereby dissolving the reaction produpt. Filtration was conducted, and 35% hydrochloric acid was gradually 
added to the solution obtained upon the filtration, to obtain precipitates. 

Amount obtained: 1 .1 0 g 

Pale yellow microcrystals 

m/z(FD+): 177 (Calcd.: 177.1616) 

13C-NMR{500 MHz, de-DMSO'.'S ppm): 155.80, 1 55,65,, 135.96, 126.84, 124.13, 112.33, 109.60, 103.84. 
Synthesis Example 2 , : . 

Synthesis of 2,3-Diphenyl-5-aminoquinoxaline 

[0046] K 2,3rDiphenylr5raminoquindxaline was synthesized by the following -methods. (1) and (2). . , 
(1) Synthesis of .2,37diphenyl-.5-nitroquinoxaline ■ 

[00471 ' 




[0048] 1 .53 9 (10 mmol) of 2,3-diaminpnitrobenzene and 2.00 g (9.6 mmoi) of benzil were placed in a four-necked 
flask, and were dissolved by adding ai1:1 mixed spJyent .Qf: acetic ;^cid/methanol thereto. Thereafter, reaction was 
allowed at 70°C for 2 hVj'Aft^rAKe rpactipn. the solvent was removed, and the -redaction prpduct vi/as extracted on a 
silica gel column (ethyl acetate:hexane=1 :'■!). ' ' : 

Amount obtained:;2.;11g''.,- " 

Yellow microcrystals 

m/z(FD+): 327 (Calcd.: 327.24) 

(2) Synthesis :of.2,3-dipheriylt5rarninoqulnoxaline: . , ,• . . , . . : . ■ , . 




[0050] 1 04 g of 2,3-diphinyl-5-nitroquihoxaline was .dissolved in 30 g tif dioxahe, then the reaction system was 
flushed wrtth argon, and 0.5 g of Pd/C (anhydrous) was,added..to the reaction rnixture.,After the reaction system was 
again flushed with argon:sufficiently, hydrogen was added. thereto, and reaction was allowed at room temperature for 
30 hr. After the reaction was over, filtration was conducted, the reaction solvent was removed, and the reaction product 
was separated and purified on a silica gel column (etiiyl acetate:hexane=1:3). 

Amount obtained: 0-73 g : . : :, . 

Yellow.microcrystals ! ■ 

m/z: 297 (Calcd. M: 297.36) , 
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.13C-NMR(500 MHz, CDCI3, 5 ppm): 153.61, 150.12, 144.23. 141.96. 139.45. 139.35. 131.13, 130.09, 129.94, 
128.77,128.65,128.35,128.17,117.21,110.25. 

Synthesis Example 3 , " 

5 

Synthesis of 2,3-Di(4-methylphenyl)-5-aminoquinoxaline , , 

[0051] 2,3-Di(4-m'ethylphenyl)-5-aminoquinokaline was synthesized by the following methpcis (1) and (2). 
10 (1) Synthesis of 2,3-di{4-methylphenyl)-5-nltroquinoxaline 1 " : ■ : . . 

[0052] 




25 [0053] 1 .84 g (12 mmol) of 2,3-diaminonitrobenzene and 2.38 g (1 0 mmol) of 4,4'-dimethylbenzil were dissolved in 
40 g of a 1 :1 mixed solvent of acetic acid/methanol, and reaction was allowed at 80°C for 4 hr. After the reaction was 
over,' thd sblvehtWas removed, arid the 'Veadion ' 

' '-'Amount 6btain4d:^1i30g''" -"v.'- - iini ■ 

■ ''YellMWicrocrystalg -i-' ^-.1=^1 .: ■ -jiv ■..■ [.•1 ■::■■!: ■ ■■ . .• ■ - r , ■ - <: .:(^- l Oo-:: 

30 ■'^m/z'355(ealca;-^Mf'355;39)e' -1. .- r .v. --.."r . • ^ ;v 

13C-NIVIR{500 IVIHz. CDCI3, 8 ppm): 154.90, 154.83, 147.09. 140.76, 140.13. 139i86.i.135,§Q. 135,13. 133J1, . 
133.23. 130.28, 129.70. 129.32. 129.12, 128.41. 127.75. 124.21. ' ;„ , . ; . , n A 

(2) Synthesis of 2.3-di(4-methylphenyl)-5-aminoquinoxaline 

35 -.I ■ : , ■■■ .- <■ ■ - - i ■. .. .... , ..... - ,, 

[0054] 



40 




SO [0055] 2.02 g (0.0057 mol) of 2,3-di(4-methy!phenyl)-5-nitroquinoxaline was dissolved in 30 g of dioxane, then the 
reaction system was flushed with argon, and 0.6 g of PdC (anhydrous) was added thereto. After the reaction system 
was again flushed with argon; it Was flushed with hydrogen, and reaction was allowed at room temperature for 18 hr. 
AftibFtK^iffdi'Sft-was bvfe'r.'the reaction mixture was filtered, the filter cake was washed with acetone and dioxane, 
arid filtration was again cdndiJGted; The s6lvent Was removed from the filtrate obtained,: and.the reaction product was 
55 a&Bfcied, 6ri'a''s'ilic^''pei ■column.' ' '■'■ ■" ■ ■ ;■ ' / ■ • ■ - 

' Amount obtained: 1.36 'g 
Yellow microcrystals ' ■ ■■■ ■■ 

m/z: 325 (Calod.: 325.14) 
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•i3G-NMR(5dO MHz. CDGI3. 6 ppm): 153.61, 150.16. 144.09. 141.86. 138.66. 138.59. 136.70, 136.67. 131.27, 
130.78,129.93,129.78,129.04,128.98,117.24,110.06. 

Synthesis Example 4 

Synthesis of 2.3-di(4-methoxyphenyl)-5-aminoquinoxaline •■ 

[0056] 2,3-Di(4-rhethoxypheriyi)-5-aminoquinoxaline was synthesized by.thefollowing methods (1) and (2). 

(1) Synthesis of 2,3-(4-dimethoxyphenyl)-nltrDquinoxaline ' . •'• ■ • ■ • 

[0057] 




OCH3 



[0058] 1 .54 g (10 mmol) of 2i3'aminonitrGbenzene and,2.25 g (8.3 ;rnmo|) Qf4.4V:dimetli,oxy.benzi! were^diss^^ in , . 
100 g of a 1:1 mixed solvent of methanol/acetic acid, and reaction was allowed at room, temperature for 20 hr.. After 
the reaction was over, the reaction mixture was filtrated. The filter cake was further washed witti.acetone and dioxane, 
and filtration was again conducted. The solvent was removed from the filtrate obtainefi.; .and the reactjan product was 
extrefcteaori^^siilc^gel^cbiurhrii^i i.'- : .^^v;,.:r■ .i?.- ao! ,i;.iGj sHiv; 005)HW.v;:>" ' 

Amount obtained: 1.24 g ' ' ' ' • .;0'.:r "r;r .!:\./^::r ^;;;':'r 

Yellow microcrystals 

m/z: 387 (Calcd.: 387.39) '.a /:■.• • ' ." ::>■ ./v-';. - • 

13C-N1V1R(500 MHz, CDCI3. 6 ppm): 161.10, 160.91, 154.33, 154.25, 146.95, 140.65, 133.60, 133.14, 131.92. 
130.84. 130.41, 127.51. 124.10, 114.10, 113.88. I '-S . .,:• 

(2) Synthesis of 2.3-di(4-methoxyphenyl)-5-amlnoquinoxaline 




OCH3 




rooeoi 0 55 g (0.0014 mol) of 2,3-(4^dimethoxyphenyl)-5-nitroqulnoxaline was.dissolved in 30 g of dioxane the re- 
action system wLs flushed sufficiently with argon, then 0.5 g of PdC was added thereto, and the reaction system was 
agaln flushed sufficiently */ith argon. The system-was flushed with hydrogen gas, and reaction was a lowed at room 
temperaturefor24hr.Afterthereactionwas over, the reaction mixture was filtrated The Wter cake was furth^^^^^^ 
with acetone and dioxane. and filtration was again conducted. The solvent was removed from the filtrate obtaineo, and 
the reaction product was extracted on a silica gel column. i . . . , 

Amount obtained: 0.37 g 
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Yellow microcrystals : , . 

m/z: 325 (Calcd.: 325.43) 

ISC-NMRISOO MHz, CDCI3, 5 ppm): 160.14, 150.06, 153.13, 149.74, 144.01, 141.75, 131.39,-131.29, 130,62, 
117.16, 113.83, 113.66, 110.01, 55.38. 

5 . 

Synthesis Example 5 

Synthesis of 2,3-Di(4-bromophenyl)-5-aminoquinoxaline 
10 [0061] . 2,3-Di(4-bromopheny)-5-aminoquinoxaline was synthesized by the following methods (1 ) and (2). 
(1) Synthesis of 2,3-di(4-bromophenyl)-5-nitroquinoxaline 

[0062] ;.• 




[0063] 1 .53 g (1 0 mmol) of 2,3-dlaminonitrobenzene and 3.68 g (10 mmol) of 4,4'-dibromobenzli were dissolved in 
80 9 of a 1 :1 mixed solvent of acetic acid/methanol, and reaction was allowed at 70''C for 30 hr. After the reaction was 
over, the solvent was removed, and the reaction product was extracted ona si'lica gel;column." -t"f - ' -.^if:- , i - v 
30 Amount obtained: 1.89 g 

Yellow microcrystals ! 
m/z: 485 (Calcd.: 485.12) 

13C.NMR(500 MHz, CDCI3, 8 ppm): 153.45, 153.36, 147.01, 140.79, 136.81, 136.38, 133.78, 133.26, 132.05, 
131.87, 131.82, 131.38. 128.58, 124.98,^124.88, 124.71. , . 

(2) Synthesis of 2,3-di'(4-br6mophfehyl.)-5-aminoquinoxa!ine : . , . 

[0064] "V 



45 




[0065] 1 .01 9 (0.0021 mol) of 2,3-dl(4-bromophenyl)-5-nitroquinQxaline was dissolved in 30 g of dioxane, and the 
reaction system was flushed sufficiently with argon. Thereafter, 0.3 g of PdC was added to the reaction mixturei.the 
reaction system was again flushed sufficiently with argon , the system was then flushed with hydrogen gas, and reaction 
was allowed at room temperature for 24 hr. After the reaction was over, the reaction mixture was filtered, ^the filter cake. 
55 was further washed with acetone and dioxane, and filtration was again conducted. The solvent was removed from the 
filtrate qbtainedrand the reaction p i • .-. H '-^ ! n- - .:-, 

Amblirit obtained: 0.66 g ' ' • ; . r ■ ,; 

Yellow microcrystals ■ 
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m/z: 455 (Calcd: 455.12) ' 
Synthesis Example 6 . 

Synthesis of 2,3-Dittiienyl-5-aminoquinoxaline 

[0066] 2,3-Dltliienyl-5-aminoquinoxaline was synttiesized by ttie following methods (1) and (2). 

(1) Synthesis of 2,3-dithienyl-5-nitroqulnoxaline 

[0067] 




[Hi 




NH2 



[0068] 0.022 g (0.099 mmol) of 2,3-dianiinonitrobenzene and 0.0193& g (0,198 mmdl) of 2,2'-thie,ny! were dissolved 
In 3 g of a 1 :1 mixe'd solvent of^acetic acid/methanol, and reaction ^s allowed at 70°C for 30 hr. After the reaction 
was over, the solvent vyas' removed, and the reaction product was extracted on a silica gel column. 

Amount detained: 0.04 g 

Yellow microcrystals 

:-,mto^39(eiacd.:339;4flyc:':> i-.- ' r . ■ - 

(2) Synthesis of 2,3-dithienyl»5-:aminoquiiioxaline . , . . ; v . 




PdC/Hi. 
/ — \ 




[0070] 1 01 g (b.0C3d mol) of 2,3-dithienyl-5-nitroquinoxalne was dissolved in.30 g of dioxane, and the reaction 
system was flushed sufficiently with argon. Thereafter, 0.3 g of PdC was added to the reaction mixtyre. the reaction 
system was again flushed sufficiently, with argon, the system was then flushed with hydrogen Qas, and reaction was 
allowed at room temperature for 24 hri After the reaction was oyer, the reaction mixture was filtered, the filter cake was 
further washed with acetone and dioxane, and filtration was again .conducted. The solvent was removed from the filtrate 
obtained, and the reabtiori.product was extracted on a silica.gel column. 

Amount obtained: 0.40 g 

Yellowish brown microcrystals 

m/z: 309 (Calcd.: 309.42) 

Example ;1 '"" <<( ' ;.v ly,-- ■■■■ . 'x- - ■■ ■ v^.i - ! • ■■■ ' ■■• ^ 

Synthesisof Pdly(2,3-:diphenyl-5-aminoquinoxaline) : 

[0071] 1 1 698 g of hydrochloric acid was added.to 0.1490 gof 2.'3-di'phenyl-5-arninoquinpxalm^ 

Example 2, whereby 2,3-diphenyl-5-aminoquinoxaline was dissolved as a hydrochloride.. Thereafter, ^-0 g oJ. DMF 

solvent was added to the solution. ■ . . i.i. 
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[0072] Electrolytic polymerization was conducted by using Ag/Ag* as a reference electrode, a platinum mesh elec- 
trode as a counter electrode, and ITO as a worthing electrode. The electrolytic polymerization was conducted potanti- 
ostatically at a potential of 1300 mV for 1000 sec. The solid obtained was analyzed.;by,TOF. (time.of. flight) mass, 
spectrometry, and was identified. 

5 ■■■■ ■■■ ■'■ - ■ ■ - • • ■; '1 ■ ■ ■ ;.. 

Example 2 ' 

Synthesis of Poly(2,3-di(4-rnethylphenyl)-5-aminoquinoxaline) . .r,;,.ii- . - 

10 [0073] 0.1 6 9 of 2,3-di(4-methylphenyl)-5-amlnoqulnoxallhe obtained In Synthesis.Exafnple 3 was dissolved iri 0.54i- 
g of hydrochloric acid, and 6.5 g of DMF was added to the solution. Electrolytic polymerization was conducted by using 
Ag/Ag* as a reference electrode, a platinum mesh electrode as a counter electrode, and ITO as a working electrode, 
The electrolytic polymerization was conducted potentiostatically at a potential of 1300 mV for 1000 sec. The soild 
obtained was analyzed by TOP Wass spedrometry. and. <vas' identified. -: 

15 

Exam2le_3"^' ■ <■ ■■. .{; ■■• .;. 

Synthesis of Poly(2;3-di(4-dirheth'oxyphenyl)-^^^ i . : , : i ■ . ; ■ ■ r. 

20 [0074] 0.17 g of i2;3-di(4-dirheth6xyphenyl)-'5iamihdquinoxalin6 obtained in Synthesis Example 4; was. dissolved in .: 
1 .12 9 of hydrochloric acrd; and, 6.'5 g of DWF%as added t6''the.'SblutiQn,SectrolytiGvpolymerization was..conducted tjy ,; 
using Ag/Ag"^ as a reference electrode, a platinum mesh electrode as a counter electrode, and ITO as a working 
electrode. The electrolytic polymerization was conductied :potbriti6statiGaIly,'at & poteritial,af;-1300 mVifor.lOPO s,e,e. The , • 
solid obtained was analyzed by TOP mass spectrometry, and was identified. 

Example 4 ■'.■.■!■ v - ....■!.-•■..;■,.■■ ^■, .. 

Synthesis of Poly{2,3-di(4-bromophenyl)-5-aminoquinoxaline) 

30 [0075] 0.45 g of2,3-di(4-bromophenyl)-5-aniihoquinoxaline obtained in Synthesis Example 5 was dissolved in 1.12 
g of hydrochloric acid; and 6.5 g of. DMF was added to the solution;.EI6ctrplytic polyrnerizatipn vyas condilid^^ using 
Ag/Ag* as a i^eiferehce elfectrode? a platinum mesh electrode as a counter electrode, and, ITG a's a wprkingieiectrode. 
The electrolytic poiyrnerizatioh was cqnducte(c| pote,ntiosta,tijcally at a p^o^^ 1300 mV for 1000 sec. The solid 
obtained wa9 analyzed by TOP mass spectrometry, and was identified. 

Example 5 ■ ■,':■;.!■-. i,-: ". ■ r.-.: , ' . ,' , ^ ■•, .v^,. ...... • .,. . 

Synthesis ofPoiy(2,3-dithienyl-5-aminoquinoxaline) - 

40 [0076] 0.36 g of 2,3-dithienyl-5-amindquinoxaline obtained in Synthesis Example 6 was dissolved in 1 .12 g of hy- 
drochloric acid, and 6.5 g of DMF was added to the solutidn.' Electrglytic poiyfnerizati'on wa^^^^ using Ag/ 
Ag* as a reference electrode, a platinum mesh electrode as a counterrelectrode, and ITQ ag a working ejectrbde. The 
electrolytic polymerization was conducted potentiostatically at a pp1;ential pf 1300 njV fori 000 s.ep. The solid pbtained 
was analyzed by TOP mass spectrometry, and was identified. .;.,„; . . ., , ■ .. 

45 '■ "' ' ' " ■■ ■ ■ ' 

Example 6 

Chemical Oxidation Polymerization of Poly(2,3-diphenyl-5-aminoquinoxaline) 

50 [0077] 0.24 g (0.80 mmol) of 2,3-diphenyl-5-ammoquihoxalinl3 oB'tai Synthesis Example' 2 was'dis'solvgd Iri 17 
ml of 35% hydrpchlpric acid, and, 12,g of DMF vyas added to the solution. To the resulting solution, an aqueous solution 
of 0.18 g (0.80 mmol) of ammonium persulfate in 2 g of water was added dropwise at a reaction temperature of 10°C. 
After the dropwise..addition, the reaction mixture was st|iTed'at room'iemperatur^ foi" 24 hduns, to effect rfeactibn. After ' 
the reaction was over, the.reactipn prodyct wa?iflltgred puVtheri wasH^d Wjffi arid a'cetdh'ei, and the remaining • 

55 solid matter was analyzed by TOF mass spectrbmefryi'anci was ide^ .■\> > :■■ ■: , -i;. . r 
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Example? 

Chemical Oxidation Polymerization of Poly(2.3-di(4-methylphenyl)-5-aminoquinoxaline) 

[00781 0 268 g (0 80 mmol) of 2,3-di(4-methylphenyI)-5-aminoquinoxallne obtained in Synthesis Example 3 was dis- 
solved in 17 ml of 35% hydrochloric acid, and 12 g of DMF was added to the solution. To the resulting solution.an 
aqueous solution of 0.18 g (0.80 mmol) of ammonium persulfate in 2 g of water was added dropwise at a reaction 
temperature of lOX. After the dropwise addition, the reaction.mixture was.stiire.d-stTPO.rn temperatgre for.24 hr. tq ; 
effect reaction. After the reaction was over, the reaction product was filtered out. then washed with methanol and 
acetone, and the remaining solid matter Was analyzed. by TDF mass.spectrometiy.,and was identified., ,. ... 

Exarfl2!e8:-- i-'i-:^ rll i , ■■.,^;.::.,:„:: K . ■ ' 

Chemical Oxidation Polymerization of Poly(2,3-di(4-methoxyphenyl)-5-aminoquinoxaline 

[0079] 0 29 g (0 80 mmol) of 2,3-di(4-methoxyphenyl)-5-aminoquinoxaline obtained in Synthesis Example 4,was 
dissolved in 17 ml of 35% hydrochloric acid, and 12 g of DMF was added to the solution. To the resulting solution, an 
aqueous solution of 0.18 g (0.80 mmol) of ammonium persulfate .in:2;gpT>A/aterMs.added.cJropw!S^,9U^^^ 
temperature of 10°C. After the dropwise addition, the reaction mixture was stirred at room temperature for 24 hr, to 
effect^re^etioh ,Afterthe reaction: was,over, the.reaction p.rodupt was filtered putv tte 
acetone, and the remaining solid matter was analyzed by TOF mass spectrometry, and was identified. 

IMdlebular Weight and. MbleculaiP Weight Distribution of Polym.ers] : . : ; r . ; iv,t; , i ; !.-.. ... ' 

[0080] The poly(5-amlnoquinoxalines) of the general formula (1) obtained in Examples 1 to 5 above were subjected 
to mptecular weight measurement by TOF mass spectrometry. The results are shown In Table 1 below. 



Molecular Weight Determined by TOF Mass Spectrometry 






: .Example,, 






iyiw ' " 


■Mz'' 


■€x&rnple 1 


: Poly(2,3-dlphenyl''5-amlnoquinoxaline).., ■ ■ ; . : 


,'1,230 


■1923, . 


,,1656,-;. 


Example 2 


Poly(2,3-di(4-methylphenyl)-5-amino'quin6xaline) ■ 


i 1194 


-1850' 


1628 ' 


Example 3 


Poly(2,3-di(4-dimethoxyphenyl)-5-aminoquinoxaline) 


454? 


3500 


3012 


Example 4 


Poly(2,3-di(4-bromophenyl)-5-aminoquinoxaline) 


2123 


2651 


2492 


Example 5 


Poly(2,3-dithienyl-5-aminoquinoxaline) 


1353 


1557,,. 


1463,. 


Example 6 


Poly(2,3-diphenyl-5-aminoquinoxaline) 


1039 


1054 




Example? 


. l=piy{2,3-dK4;meA^ ,. ., 




■ 1197 




Example's' 


PGly(2i3-di(4-rriethoxyphenyl)r5Taminoquinoxaline ■. ■. 


■ 1354 


1278. 




-"Mri: nur 
Mw: we 
Mz: za 


nber'averaSernolecular'weight ■ V . .t^ , ' 
ight average molecular weight ' ' 
verage molecular weight 



Example 9 - -'.v.. -^.^ :: >-■' .■ , 

Chemiea!p)ddatipRPolym^n^^^^ . ^ ., , , : 

[0081] 0.24 g (0.80 mmol) of 2,3-diphenyl-5-aminoqu.noxal,ne obtained in Synthesis Example 2 was d^^sso'ved jn 1 
g of chlorof^mi To the resul ing solution. 1 g of chlorofom, having 0.001 g of anhydrous feme chloride (F^^b) d ssoived 
SSlS^deddrpR^^l^troe^ 

reaction mixture v^asstirVed at room temper^^ifor24;hpi|rs, to effect («Iyrnenzationreadio^ • , ^ 
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Example 10 

Chemical Oxidation Polymerization of Poly(2,3-diphenyl)-:5-aminoquinoxaline . . 

[0082] " 0.24 g (0.80 mmol) of 2,3-diphenyl-5-aminoqulnoxaline obtained in Synthesis Example 2 w;as dissolved in. 1 
g of chloroform.Tothe resulting solution, 1 g of chlorofdmn having 0.001 g of anhydrousjerricchloride (FeCy dissolved 
therein was added dropwise at room temperature under nitrogen gas atmosphere. After the dropwise addition;. the 
reaction mixfure was stirred at a temperatureof40?G for24 hours; to effect polymerization reaction.- - , ' , :. 

Example 11 

Chemical Oxidation Polymerization of Poly(2,3-diphenyl)-5-aminoquinoxallne 

[0083] 0.24 g (0.80 mmol) of 2,3-diphenyl-5-amlnoquin6xaline dbfairied ih'Syrt^ Exarhpl^ 2 was dissolved in 1 
gofchloroform. To the resulting solution, 1 g of chloroform having O.OOl g,ofanhydrous,ferrlcchloride(FeC!3) dissolved 
therein was added dropwise at room' ternperature .under nitrogen. gas atmosphere: Afterthe dropwise addition, the 
reaction mixture was stirred at a temperature of '60°'c for 24 houi-s;..t6 effect pblymerizatibn Reaction, ' ' 



Example 12 




Chemiqaj Oxidatjqn Polyrnerjzatipn of Pply(2,3^di(4-raethylphenyl)-5-ani 

[D684j d!26 g (6.80 rfimbl) of Il3-di(4-nfietliyiptien^^^^ Syhthesii; Exa'niple'3 wa^ dis- 

solved in 1 g of chlorofomi. To the resulting solution, Tg olfclilorofortn 

(FeCIs) dissolved therein was added dropwise at room temperature under nitrogen gas atmosphere. After the dropwise 
addition, the reaction mixture was stin-ed at room temperature for 24 hours, to effect polymerization reaction. 

Example 13 a- 

Chemical Oxidation Polymerization of Poly(2,3-di(4-methylphenyl)-5-aminoquinoxaline) 

[0085] v O.26 g (0.80 mmol) of 2,3-di(4-methylphenyl)-5-aminoq!J,inoxalinfi, obtained in Synthesis Example 2 was dis- 
solved in 1 g of chlorofomi. To the resulting solution, 1 g of chldroform,Kaving 0.001 g of anhydrous ferric chloride 
(FeCIs) dissolved therein was added dropwise at room temperature.flnder nitrogen gas atmosphere. After the dropwise 
addition, the reaction mixture was stirred at a temperature of 60°P for 24 jiours, to effect polymerization reaction. 
[0086] After the reaction (each reaction of Examples 9:-13),was'oyer, the reaction product was filtered out, and then 
purified by reprecipltation with methanol. The molecular weight of the resulting polymer was measured by GPC in the 
following measurement condition. ' ■'■ 

Column: TSK Gel super H3000 (TOSOH CORPORATION) . 

Eluent: DMF (0.6 ml/min; 3.5 MPa) ■ • . '' 



Table 2 



Molecular Weight by pPC,. , ; j,. 


"Example 


■ i- .. ' I'-poiymer ' ' 


Mn,><. 


; Mw , 


.Example 9 ■ 


l^p!y(2,^-diphenyl-.5-ami.noquinoxaline) 


',54600' 


63200 


Example 10 ' 


Poly(2,3-diphenyl-5-aminoquinoxaline)h . 


78400 


83500, 


Example 11 


Poly(2.3-diphenyl-5-aminoquinoxaline) 


63200 


65400 


Example 12- 


PGly(2;3-di(4-methylphenyl)-5-aminoquinoxaline) 


j 3850,0 


,43400,, 


Example ,13 


Poiy(2,3-di(4-methyiphehyl)^ 


54300 ' 


55400 


Mn: num 
Mw: weig 


ber average molecular weight 
ht average molecular weight 
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[Measurement of Electrical Conductivity] 

[0087] The poly(aminoquinoxalines) of ttie general formuia:(1) obtained.in Examples 1 to 5 above were subjected 
to measurementof electrical conductivity as follows. Each polymer was favorably molded into a pellet by a compression 
molding- machine, the pellet wascut to a rectangular shape, the rectangular specimen wasfixed .between two platinum .r. 
electrodes by. use of a cafbdn paste, and the- electrical.-conduetivity. of the specimen was; measured (two terminal 

[oS]'^^ As a result lit was:foUnd that the polym^^^ 

hydrochloric acid. The results of measurement of electrical conductivity are shown in Table 2 below. 



Example 


■"■'^--■■'-PdlyiTier-'^' ■ " 


•Conductivity (S/cm) ■- 


.Example 1,. 


,po|y(2,3-dipheny|:5-amino.quinoxa^^^^ ...^ 


100 


i Exarhple 


'P61y(2,3-di(4rmethylpHenylH5-amihoquinoxaline). ; 


. i,1.00-... 


"Exampll'X^ 


Pply(2,3-di(4-dimetho_xyphenyl)-5^amin'pquinoxaline) 


70- ' 


Example4 


Poly(2,3-di(4-bromophenyl)-5-amlnoquinoxaline) 


80 


Example 5 


Poly(2,3-dithienyl-5-aminoquinoxaline) 


70 



[00891 The present invention i^Hot Med to thl'ci^ils bf tK^^bbt^to^ fi^fred 6mb6dini^hfs;The'scope ' 
of the invention.is.defined.bi5lhe apF^ended da^^^ 

the;scope!o(;th^'cl^,ar^.ther^ .. ■ .., ., r ,, t.-,::^- 



Claims 

1 . A poly(5-aminoquinoxaline) having the general formula (1): 




in which R1 and R2 each independently represent a hydrogen atom, a hydfoxyl group, a Phenyl group, a substituted 
J^Sgroup,abiphen^lgrdUp.asubstrtute5biphenylgrowR.athienylg^ 
grou^ Lulititut^d:nihMgrqup,-a pyrrolyl group,;a subsm^^^^ 
group an alky Ugroup.ior an^lkbxyl group; RWl^'eachlndepeh 
S;a;;Sgrc^.a6yaho^mt;,aph.nylgroup.a.s,^^^^^^ 
biphenyl groUp alhienyirgroup.'a substiluted Ihieny, group a pyrrolyl group, a substituted pyrrolyi group, a fuo^l 
aroup a suSuSfu/ylfr^ naphthyi grou'pi or a substituted /.aphthyl group, re[^res_enjs a hydrogen atom 

biphenyl grou'p, a substituted biphenyl grouo a thien^l g oup. a substituted thienyl g-^P:lPy™^ylf "-^l^^J^^^^, 
stituted pyrrolyl group, a naphthyi group, or a substituted 
not less than three. .V 



riaphthyl ^ioiiK in^^^ °^ 



A poly(5-aminoquinoxaline) as set forth in claim 1. wherein Ri and-R2 in the general formula (1) compr^ 
having the general formula (2): 
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(2) 



'in Which R^ to R''"' each independently represent a hydrogen atom.i a halogen atom, a cyano group, an amino 
groLip, a cyanoalky! group having one to four carbon atoms, a haloalkyi group having one to four carbon atoms, 
an all<yl group having one tb'ten carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro group, a 
phenyl group, a substituted phenyl group, a biphenyl group, a substituted biphenyl group, a naphthyl group, a 
•substitote'd fiajjhthyl group, a thienyl group, a substituted thienyl group* an epoxy group, ora vinyl grpup. , 

A poly(5-amlnoquinoxaline) as set forth in claim 1 , wherein and R2 In the general formula (1 ) comprise groups 
having the general formula (3): 




(3) 



'irt which ahy one of Ri2'tD Ri9 is coupled to'the quinoxalirie ring, and,.the others of Rl?. to Rl? eachjnd.ependently 
represent a hydrogen atom, a halogen atom, a cyahb'igi^oup. an amlno^group?an al.kyl group having one, to Jen 
carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro group, a phenyl group, a substituted phenyl 
' group; a biphenyl group; a substituted biphfenyl group, a' naphthyl groiip, a substituted haphthy! group, ;a thienyl • 
group, a substituted thienyl group, an epoxy group, ora vinyl group. • .;■ m 



A poly{5-amlnoquinoxaline) as set forth in claim 1, wherein R1 and R2 in the general fomiula (1) comprise groups 
having the general formula (4): 




in which any one oif R20 to l^^3 is coupled to the quinoxaline ring, and the others of R?9 to R23 each independently 
represe,nt a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyi group having one to ten 
carboh iatofns, ah alkoxyl group having oh^ to ten carbon atoms; a nitro group; a phenyl group, a substituted phenyl ■ 
group, a biphenyl group, a substituted biphenyl group, a naphthyl group, a substituted .naphthyl group, a thienyl 
group, a substituted thienyl group, an epoxy group, or a vinyl group; and A represents NH, O, or S. 

A poly(5-aminoquinoxaline) as set forth in claim 1, wherein Ri and R2 in the general formula (1) comprise groups 
having the general formula (5): 



21 



EP 1 361:244 A1 




(5) 



in which R24 represents a halogen atom or a cyano group; and R25 to R28 each independently represent a halogen 
. atom a cyano groop, an amino group : an alkyi, grqup:having one;tq4e0' carbpD. atpms^. an aVmfi ymPMWi 
<orte to ten carbon atoms; arnitro graup. a:phenyi;grQupi<a:sub5tituted phenyl 

naphthyl Sroupj'a thienyl-group, a substituted Ihienyl group, an epoxy gro,up. or-a vinyl group.. i „ 

A poly(5^imln^diuinoxaline) asisetforth in any one of claims 1 to 5 whereinRS in the general formula (1) is agroup 
having the general formula (6): 



(6) 



in which R2S to R33 each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino 
group an alkyI group having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms a nitro 

,i:Sfbup,-.a phenyl group,a substituted phenyl grpMp,ia.naphthylgrpup, a. substituted naphthyl,grp,up,,a,thJenyl,group. 

-■ a substituted thienyl group, an epoxy group, ora.vinyligrouR. ; o i; . • : • .. -j . irv-.; > 

i ;vl)&iy{5^amin6qulnoxine) as setforth-ini^^^ 
having the general formula (7): • -..i. 





(7) 



in which R34 to R36 each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino 
group, an alkyl group having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms a n fro 
group a phenyl group, a substituted phenyl group, a naphthyl group, a substituted naphthyl group, a thienyl group, 
asubstituted thieriyi'group, an epoxy group; ora.vinyl group:: a^ y,. 

'■Apdy(5^^oquinoxaline);ise^^^^ 
having the general.^ormula:(8):i..;.' .. ■ ... : ■•■.!•>•<■:;! • 
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in which R^^ to R^^ each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino 
group, an alky! group having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro 
group, a phenyl group, a substituted phenyl group, a naphthyl group, a substituted naphthyl group, a thienyl group, 
a substituted thienyl group, an epoxy group, or a vinyl group; and Q represents NH, O, or S. 

9. A poly{5-aminoquinoxaline) as set forth in any one of claims 1 to 5 wherein in the general formula (1) is a group 
having the general formula (9): 




in which R*o to R^e each independently represent a hydrogen atom, a halogen atom, a cyano group, an amino 
group, an alkyl group having one to ten carbon atoms, an alkoxyl group having one to ten carbon atoms, a nitro 
group, a phenyl group, a substituted phenyl group, a naphthyl group, a substituted naphthyl group, a thienyl group, 
a substituted thienyl group, an epoxy group, or a vinyl group. 

10. A film formed by spin coating or casting of a poly(5-amlnoquinoxaIine) as set forth in any one of claims 1 to 9. 

11. A film formed by compression molding of a poly(5-aminoquinoxaline) as set forth in any one of claims 1 to 9. 

12. An electrochromic device comprised of a poly(5-aminoquinoxaline) as set forth in any one of claims 1 to 9. 

13. An active substance or an electrode for a battery, comprised of a poly(5-aminoquinoxaline) as set forth in any one 
of claims 1 to 9. 

14. A semiconductor comprised of a poly(5-aminoquinoxaline) as set forth in any one of claims 1 to 9. 

1 5. A p-type semiconductor produced by oxidizing a poly(5-aminoquinoxaline) as set forth in any one of claims 1 to 9 
by an oxidant or electrochemical doping. 

1 6. An n-type semiconductor produced by reducing a poly(5-aminoquinoxaline) as set forth in any one of claims 1 to 
9 by a reducing agent or electrochemical doping. 

17. A solar cell comprising a p-lype semiconductor as set forth in claim 15 and an n-type semiconductor as set forth 
in claim 16. 

1 8. An organic electroluminescence device comprised of a poly(5-aminoquinoxaiine) as set forth in any one of claims 
1 to 9. 
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19. A non-linear organic material comprised of a poly(5-aminoquinoxaline) as set forth in any one of claims 1 to 9. 

20. A process of preparation of a poly(5-aminoquinoxaline) according to any one of claims 1 to 9, comprising poly- 
merising a corresponding 5-aminoquinoxaiine. 

21 . A process of mailing an article corriprising forming a poly(5-aminoquinoxaline) according to any one of claims 1 to 9. 

22. A process according to claim 21 in wtiich ttie article is according to any one of claims 10 to 19. 
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